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(English Translation of Japanese Patent Application Laid-open 
No. 52-151362) 

A PRE- IMPREGNATION SHEET COMPRISING A PLURALITY OF 
MULTI-FILAMENT BUNDLES ALIGNED WITH EACH OTHER AND A METHOD OF 
PRODUCING THE SAME 
WHAT IS CLAIMED IS: 

1. A pre-impregnation sheet comprising a plurality of 
multi-filament bundles aligned with each other wherein said 
bundles are uni-directionally disposed in parallel and one of 
some and most of monofilaments of said bundles respectively are 
intermingled with each other longitudinally along a moving 
course of said bundles and latitudinally' with regard to said 
course and said monofilaments are impregnated with a resin. 

2. A method of producing a pre-impregnation sheet comprising 
a plurality of multifilament bundles aligned with each other 
comprising the steps of uni-directionally disposing said 
plurality of multifilament bundles in parallel and blowing a 
high-pressurized fluid to a collection of said bundles in 
alignment and impregnating said collection with a resin one of 
when and after said fluid is blown over thereto, 

3. A method of producing a pre-impregnation sheet comprising 
a plurality of multifilament bundles aligned with each other 
according to claim 2 wherein said fluid is one selected from 
water, mixture of water and air, an organic solvent and a 
synthetic resin. 

4. A method of producing a pre-impregnation sheet comprising 
a plurality of multifilament bundles aligned with each other 
according to claim 2 or 3 wherein a pressure applied to said 
collection by said fluid ranges from 50 to 500 Kg/cm 2 . 

5. A method of producing a pre-impregnation sheet comprising 
a plurality of multifilament bundles aligned with each other 
comprising the steps of uni-directionally disposing said 
bundles in parallel and blowing a high-pressurized fluid to a 
collection of said bundles from a nozzle reciprocally moving 
crosswise with regard to a moving course of said collection 
while continuously winding up said collection in alignment so 
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as to intermingle one of some and most of monofilaments of said 
bundles respectively with each other longitudinally along a 
moving course of said bundles and latitudinally with regard to 
said course and impregnating said collection with resin one of 
when and after said fluid is blown over thereto, 

6. A method of producing a pre-impregnation sheet comprising 
a plurality of multifilament bundles aligned with each other 
according to claim 5 wherein said fluid is one selected from 
water/ mixture of water and air, an organic solvent and a 
synthetic resin, 

7. A method of producing a pre-impregnation sheet comprising 
a plurality of multifilament bundles aligned with each other 
according to claim 5 or 6 wherein a pressure applied to said 
collection by said fluid ranges from 50 to 500 Kg/ cm 2 . 
(DETAILED DESCRIPTION OF THE INVENTION) 

The invention relates to a pre-impregnation sheet 
comprising a plurality of multifilament bundles aligned with 
each other that is adopted for a forming material of a fibers 
reinforced plastic product. 

The pre-impregnation sheet used for producing such plastic 
product is arranged such that non-woven fibers, yarn fibers, 
cloth fibers and chopped strand fibers, uni-directionaliy 
aligned fibers or such fibers as combining some of those fibers 
are impregnated with a thermoset resin, which pre-impregnation 
sheet as obtained has characteristics varied according to the 
type of fibers in use and is used in various fields according 
to such characteristics in need. 

Among such sheets as mentioned above, that obtained by use 
of uni-directionally aligned fibers is easier to be formed into 
a thin sheet or tape shape so as to be optimum for the material 
for a tube-like body or a laminate plate and so forth so that 
it is adopted for such complex material of high strength as used 
for producing such sports or leisure goods as a golf shaft, a 
ski board and the assembly parts of automobiles and airplanes 
and the like. 

Conventionally, such pre-impregnation sheet as mentioned 
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above is produced by impregnating uni-directionally aligned 
multifilament bundles with a resin and disposing in parallel 
a plurality of those bundles side by side so as to join the 
adjacent bundles with the impregnation resin so as to be formed 
into a sheet or tape shape. 

The pre-impregnation sheet as conventionally obtained is 
vulnerable to mechanical stress and thermal stress because the 
adjacent bundles are bonded together with a non-cured resin so 
that the bonding strength between the adjacent bundles is 
susceptibly weakened subject to such stress. As a result of it, 
as for such conventional pre- impregnation sheet as mentioned 
above, a long-time storage and a temperature change during 
storage cause a gap between the adjacent bundles or an 
interlayer between them to be spaced apart. Further, during 
transportation and the production of a final product by use of 
such pre-impregnation sheet, the bonding strength between the 
adjacent bundles is weakened owing to mechanical stress and 
thermal stress so as to facilitate a gap or space to be generated 
between them with detriment to the quality of such sheet and 
a final product as well. 

The widthwise and longitudinal strength of a fibers 
reinforced plastic product produced by forming a 
pre-impregnation sheet comprising a plurality of 
uni-directionally aligned multifilament bundles and curing the 
impregnation resin depends on the strength of the cured resin 
itself and the bonding strength between the cured resin and the 
fibers. As for such conventional pre-impregnation sheet as 
mentioned above, the bonding strength between the cured resin 
and the fibers is relatively weak so that the widthwise and 
longitudinal strength of a fibers reinforced plastic product 
with such conventional pre-impregnation sheet in use is poor. 
Especially, the strength of a final product obtained by use of 
such pre-impregnation sheet as a gap being generated between 
the adjacent bundles is deteriorated and its finished 
appearance is poor, in addition to which there occur a lot of 
inconsistency in quality among final products. 
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The invention is to provide a pre-impregnation sheet 
comprising a plurality of fibers bundles aligned with each other 
and a method of producing the same in which the bonding strength 
between the adjacent bundles is not deteriorated owing to 
mechanical stress or thermal stress and a gap is hard to be 
generated between those bundles. 

The invention is to provide a pre-impregnation • sheet 
comprising a plurality of fibers bundles aligned with each other 
and a method of producing the same sheet wherein during handling 
and transportation, in process or during storage, its quality 
is not deteriorated* 

The invention is further to provide a pre-impregnation 
sheet comprising a plurality of multifilament bundles aligned 
with each other and a method of producing the same. wherein the 
widthwise and longitudinal strength of a fibers reinforced 
plastic product is enhanced and there is no inconsistency in 
quality among final products. 

The pre-impregnation sheet comprising a plurality of 
fibers bundles aligned with each other according to the 
invention is characterized in uni-directionaliy and adjacently 
disposing a plurality of multifilament bundles and crosswise 
intermingling and commingling the monofilaments of those 
bundles with regard to the longitudinal and latitudinal 
direction of the fibers bundles and impregnating the bundles 
as intermingled and commingled with a resin. 

The multi-filament bundle in use herein is such that a lot 
of filaments are converged into a bundle, a yarn or tow 
comprising a bundle of continuous filaments being preferred 
herein . 

The following conventional fibers are adopted for 
producing a pre-impregnation sheet according to the invention. 

(1) Organic fibers: nylon (in a line of polyamide) ; rayon ( in 
a line of cellulose); vinylon (in a line of polyvinylalcohol ) 
and so forth 

(2) Organic heat-resistant fibers: aromatic polymer; 
polybenzoimidazole; polyf iuorocarbon; polyamide; phenol ; 
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polyphenyleneoxodiazole;bisbenzoimidazobenzophenanthroline; 
polythiadiazole ; . polyphenylenetriazole; polybithiazole; 
polyimide and so forth. ■ 

(3) Inorganic fibers: glass fibers; boron nitride fibers; 
alumina; silicone nitride fibers; asbestos; zirconium; 
silicone carbide; carbonaceous, graphite, flame resistant 
carbon fibers and so forth. 

(4) Metallic fibers: tungsten alloy; beryllium; copper alloy; 
ferric and aluminium fibers and so forth. 

(5) Complex fibers: boron fibers cored with tungsten fibers; 
boron carbide cored with tungsten fibers; silicone carbide 
fibers cored with tungsten and boron fibers and so forth. 

(6) Combination comprising more than two fibers as selected from 
the above (1) to (5), preferably, combined fibers with 
flexibility and softness. 

In order to intermingle the monofilaments of the adjacent 
bundles and within the same bundle with each other, any adjacent 
bundles are overlapped one over another to be closely attached 
together uniform in thickness so as to be formed into a 
sheet-like or tape shape with a certain width and a 
high-pressurized fluid is blown to the surface of the respective 
bundles in alignment with the tensile force of 0.02 to 0.65 g 
longitudinally applied to the respective bundles to prevent 
them from being slackened during operation. 

The high-pressurized fluid in use includes water, mixture 
of water and air, an organic solvent such as methylalcohol, 
ethylalcohol, acetone, -toluene, methyl ethyl ketone and so 
forth and a* synthetic resin. In case of synthetic resin being 
adopted for the fluid, preferably, the same resin as the 
impregnation resin is used. Upon spraying such synthetic resin, 
it is preferred to lower the viscosity thereof by heating the 
same or adding an organic solvent having compatibility with the 
resin in use or diluents with the exclusion of the organic 
solvent such as vinyl chrolide resin plasticizer, a higher 
boiling point solvent, polypropyleneglycoie, stylene monomer 
and polyethylene* 
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In the case of water, mixture of water and air being adopted 
for the fluid, it makes blowing operation cost-saving and the. 
relevant facilities structurally simplified as well as does 
without f luidal adjustment and contamination of job environment 
while in the case of organic solvent or synthetic resin being 
adopted for such fluid, it makes drying operation subsequent 
to blowing operation simplified or does without the former 
operation so that a matrix resin impregnation operation is 
performed following the blowing operation. Especially, where 
the synthetic resin being sufficiently blown to the respective 
bundles, it does without dipping them into a synthetic resin 
solution anew and the matrix resin is impregnated with the 
respective bundles only by pressing those subjected to blowing 
operation with the rollers. 

Herein, a high-pressurized fluid is blown to the 
respective bundles surface from a nozzle disposed above such 
surface with an interval therefrom and crosswise with regard 
to the alignment direction of the respective bundles. 

The size of a nozzle aperture, the interval between the 
nozzle and the bundles surface and the number of nozzles depend 
on the diameter of the respective monofilaments as well as the 
thickness of the fibrous layer, but as for the size of the nozzle 
aperture, it shall be 1 mm or below, preferably, ranging from 
0 . 05 mm to 0 . 5 mm. The size of the nozzle aperture becoming larger 
than the above maximum value, a lot of monofilaments are 
intermingled with each other in simultaneous transposition so 
as to cause the respective bundles to be put into. disorder , which 
makes the thickness of the respective bundles non-uniform with 
detriment to the effect brought by aligning the respective 
bundles with each other. 

The interval between the nozzle aperture and the 
respective bundles surface depends on the pressure by which the 
fluid is blown to them, the relative moving speed of the 
respective bundles to the nozzle aperture, the diameter of the 
respective monofilaments and the thickness of the respective 
bundles and so forth, which interval preferably ranges from 1 
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to 15 mm. 

The pressure by which the fluid is blown to the respective 
bundles depends on the size of the nozzle aperture, the interval 
between the nozzle aperture and the respective bundles surface, 
the relative moving speed of the respective bundles to the 
nozzle aperture, the diameter of the respective monofilaments 
and the thickness of the respective bundles, which pressure 
preferably ranges from 50 to 400 kg/ cm 2 . The pressure being less 
than 50kg/cm 2 , the transposition of the respective 
monofilaments occurs scarcely so as to make the interengagement 
between the respective bundles insufficient while going beyond 
400kg/cm 2 , a lot of fluffs occur along with the fibrous cut on 
the respective bundles. 

Upon a high-pressurized fluid being blown over to the 
respective bundles . surf ace, it may make them move in their 
alignment direction together with moving them crosswise with 
regard to their alignment direction with the nozzle fixed in 
a position while it may as well make the nozzle move with the 
respective bundles fixed in a- position. The moving speed of 
either the noz2le or the respective bundles preferably ranges 
from 1 to 10 m/minute. Figure 2 shows a case where the respective 
bundles are under continuous treatment. As shown, they are 
endlessly wound up under a certain tension, whereupon the nozzle 
reciprocally moves crosswise with regard to the wind-up 
direction so as to discharge high-pressurized fluid towards the 
respective bundles surface. 

The impregnation resin as adopted herein includes such 
thermoset plastic resins as phenol resin, non-saturated 
polyester resin, epoxy resin and such heat-resistant resins as 
polyimide resin, polybenzoimidazole resin, polyphenylen resin 
and f riedel-craf ts resin, which resins are heated or to which 
resins an organic solvent or diluent is added in order to lower 
the resinous viscosity. 

Upon the high-pressurized fluid being blown over to the 
respective bundles surface, the provision of an abutment plate 
in the vicinity of the bottom side of the respective bundles 
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to which such fluid is blown over and in parallel with such 
surface enables the discharged fluid to be bounced back to be 
further put into contact with the respective bundles surface, 
which improves the efficiency of transposing the monofilaments 
of the respective bundles . 

The abutment plate is smooth on the surface so as to throw 
back the discharged fluid and made from metallic, plastic, glass, 
wooden, hard rubber material and so forth, which plate is formed 
into a flat or cylindrical shape with no opening on the surface 
or may be provided with meshed opening or slit openings as shown 
in Figures 3 through 6. 

The use of the abutment plate enables the respective 
bundles to be aligned with each other thereon and facilitates 
the holding means to hold the respective bundles with tension 
applied thereto to be disposed in a position so that* the degree 
to which the respective monofilaments are intermingled with 
each other is adjustable in an arbitrary manner* 

Then, the invention is explained with reference to the 
accompanying drawings on the basis of one embodiment to produce 
a pre-impregnation sheet comprising a plurality of 
multifilament bundles aligned with each other. 

As shown in Figures 1 and 2, a group of respective 
multifilament bundles 1 aligned with each other is wound up by 
the wind-up drum 14 from the creel 7, which group is passed 
through the receptacle 9 with the respective bundles held by 
the tension control rollers 41, 42 and 43. During the respective 
bundles being in passage through the receptacle, a 
high-pressurized fluid is blown over to the respective bundles 
surface through the nozzle 6 crosswise disposed with regard to 
the moving course of the bundles and with an interval from the 
respective bundles surface by driving the pump 8 . The receptacle 
9 is intended for receiving the fluid blown over to the 
respective bundles between the rollers 42 and 43 and is provided 
with an outlet which is not shown in the drawings to circulate 
the fluid back to the pump 8. Further, the receptacle 9 is 
provided with an abutment plate 3 disposed along the moving 
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course of the bundles, which plate is intended for throwing back 
the discharged fluid to the monofilaments of the respective 
bundles so as to enhance the transposition of the monofilaments 
or to make an efficient use of the fluid in use. 

The abutment plate shall be arranged such that it throws 
back a high-pressurized fluid and is provided with physical 
strength enough to throw back the same. Figure 3' through 6 show 
such plate formed into a flat and a cylindrical shape. In the 
case of a number of openings being provided through a flat 
abutment plate, it facilitates such high-pressurized fluid to 
pass through the respective bundles so that the monofilaments 
of the respective bundles are transposed not only crosswise with 
regard to the moving course of the bundles, but also in the 
thickness direction of the bundles, which enhances them to be 
further intermingled with one another. 

That is to say, Figure 3 shows a flat abutment plate 3a 
while Figure 4 showing a flat abutment plate 3b provided with 
slit openings 5b. Figure 5 shows a flat abutment plate 3c 
provided with meshed openings 5c. Figure 6 shows a side view 
of an apparatus wherein a high-pressurized fluid is blown over 
to the multifilament bundle Id through the nozzle 6d with the 
cylindrical abutment plate 3d in use. The abutment plate 
provided with such openings is appropriate for the production 
of a pre-impregnation sheet larger in thickness. 

Reference numeral 6 indicated in Figures 1 and 2 is a nozzle 
reciprocally moving crosswise with regard to the moving course 
of the respective bundles. 

A multifilament bundles sheet produced by- transposing the 
monofilaments of the respective bundles widthwise with regard 
to the alignment direction of the respective bundles and 
intermingling them with one another by the action of the 
high-pressurized fluid is moved to a drying chamber 10. Then, 
such sheet as dried is dipped into a resin impregnation tank 
11 for bathing. Subsequently, such sheet as impregnated with 
a resin is treated with the roller 12 to make the impregnation 
operation complete and to adjust the amount by which such sheet 
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is impregnated with the resin. The sheet completed with the 
impregnation operation is further moved to a heating chamber 
13 to volatilize the organic solvent component contained in the 
impregnation sheet and to enhance the polymerization and 
condensation of the impregnation resin so as to be wound up 
around a wind-up roller 14 as a pre-impregnation sheet 
comprising a plurality of multifilament bundles aligned and 
commingled with each other. The impregnation sheet to be 
heat-treated within the heating chamber is preferably 
sandwiched with releasing sheets . 

As shown in Figure 7, the pre-impregnation sheet 
comprising a. plurality of multifilament bundles aligned in 
parallel and commingled with each other is arranged such that 
the monofilaments existing between the respective bundles le 
and le and a part of or most of those monofilaments 2f within 
the same bundle are intermingled with each other so that the 
bonding strength between the respective monofilaments and the 
resin is not deteriorated by the action of mechanical stress 
and thermal stress differently from the prior sheet as shown 
in Figure 8, for which reason there occurs no gap between the 
respective bundles so as to prevent its quality from 
deterioration during handling and transportation, in process 
or during storage. The multifilament bundles sheet impregnated 
•with a resin according to the invention being processed into 
a fibers reinforced plastic product, there scarcely occurs the 
deterioration of the fibrous strength in the longitudinal 
direction thereof. In comparison with the prior product, the 
fibrous strength both in the alignment direction and in the 
widthwise direction is intensified by 1.5 to 4 folds. 

The preferred embodiment of the invention is described 
below on the basis of the following examples, to which examples 
the invention is not limited. 
EXAMPLE 1 

One hundred multifilament bundles respectively 
comprising 12,000 carbon monofilaments in the denier 
designation of 4800, the tensile strength and the elastic 



modulus of which bundle are prescribed as 340 Kg/mm 2 and 20t/mm 2 
respectively, are aligned with each other on a wooden flat plate 
with the tension of 0.10g applied to the respective bundles. 
Water jet stream subject to the following conditions is blown 
over to the respective bundles in alignment. 
Water Jet Stream Conditions 
Diameter of nozzle; 0.2 mm# 

Maximum pressure: 200 kg/cm 2 (40 spouts per minute) 
Interval between the nozzle tip and the respective bundles 
surface: 3 mm 
Number of nozzle: one 

Moving speed of the nozzle: 4-5 m/minute (moving crosswise with 
regard to the alignment direction with the jet air blown to the 
surface over 5 mm at a time to cover the whole width.) 

Subsequent to the spraying operation of water jet stream, 
a part of carbon fibers as treated is sampled for checking the 
characteristics thereof, but there is no deterioration found 
in the tensile strength and the elastic modulus thereof in 
comparison with those checked prior to be subjected to the 
spraying operation. 

There is no rupture strength in the widthwise direction 
between the bundles prior to the spraying operation, but 
posterior to such operation such strength works between them 
by the force of 200g/l cm in width. 

The pre-impregnation sheet as obtained above is dried for 
two hours under the temperature of 100 degrees Centigrade and 
dipped into an epoxy resin solution containing an organic 
solvent of methyl ethyl ketone, which sheet as impregnated with 
the resin is dried for 15 minutes under the temperature of 120 
degrees Centigrade. The pre-impregnation sheets respectively 
having 0 . 1 mm in thickness are uni-directionally laminated one 
over another so as to be formed into a laminated complex sheet 
having the dimension of 150 mm in length and 80 mm in width and 
3 mm in thickness. The tensile strength (ay) in the longitudinal 
direction of the complex sheet measures at 193 kg/mm 2 while that 
in the widthwise direction measures at 8.4 kg/mm 2 . The ratio 
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by which the fibers are contained in the complex sheet amounts 
to 61 S. 
EXAMPLE 2 

Under the same conditions as the example 1 excepting that 
the pressure of the water jet stream is set at 400 kg/cm 2 , the 
respective carbon fibers bundles are treated so as to be formed 
into the respective pre-impregnatlon sheets ,. which sheets are 
laminated one over another so as to be processed into a laminated 
complex sheet having the same dimension as above. The tensile 
strength of the complex sheet in the longitudinal measures at 
189 kg/mm 2 while that in the widthwise direction measures at 
14.1 kg/mm 2 * 
EXAMPLE 3 

Under the same condition as the example 1 excepting that 
the jet stream comprises a solution containing epoxy resin by 
35% and methyl ethyl ketone together with a curing agent, the 
viscosity of which solution measures at 25 cp at the temperature 
of 20 degrees Centigrade, the respective carbon fibers bundles 
are treated so as to be formed into the respective 
pre-impregnation sheets, which sheets are laminated one over 
another so as to be processed into a laminated complex sheet 
having the same dimension as that of the. example 1. The tensile 
strength in the longitudinal direction thereof measures at 194 
kg/mm 2 while that in the widthwise direction thereof measures 
at 7.6 kg/mm 2 . 
COMPARISON 1 

Under the same conditions as the above example 1 excepting 
that the water jet stream is not used, the respective carbon 
fibers bundles used in the above example 1 are treated so as 
to be formed into the respective pre-impregnation sheets, which 
sheets are laminated one over another so as to be processed into 
a laminated complex sheet having the same dimension as that of 
the example 1. The tensile strength in the longitudinal 
direction thereof measures at 195 kg/mm 2 while that in the 
widthwise direction thereof measures at 3.8 kg/mm 2 . 
BRIEF DESCRIPTION OF THE DRAWINGS 
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Figure 1 shows one embodiment to carry out the method of 
producing a pre-impregnation sheet according to the invention; 
Figure 2 is a perspective view of an apparatus to blow 
high-pressurized fluid to the respective fibers bundles; 
Figures 3 through 5 show a plan view of an abutment plate in 
various shapes; Figure 6 shows a side view of an apparatus 
blowing a high-pressurized fluid over from a nozzle to the 
respective fibers bundles with a cylindrical abutment plate in 
use; Figure 7 shows the longitudinal plan view of a 
pre-impregnation sheet according to the invention while Figure 
8 shows the corresponding view thereof according to the prior 
art. 



13 



/£l s ' SfflM5«lite:wv8S:oi:iO-2i-so 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the ordinal 
documents submitted by the applicant. g al 

Defects in the images include but are not limited to the ttems checked: 

fcf BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
^BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

HJ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



